Structural Polypeptides of Type 12 Human Adenovirus
SUMMARY Similarities in the trypsin sensitivity of certain polypeptides of adenovirus types 5 and 12 (Ad5 and Adl2) have been used to identify some capsid polypeptides of Ad 12. One of the polypeptides suggested to be the Ilia of Ad 12 has proved to be the major structural phosphoprotein as in the case of Ad5.
Adenoviruses belonging to the subgroup C, and particularly types 2 and 5, have been thoroughly studied at the molecular level, but the structure of the virion and especially the topology of some of the structural constituents are not very well understood. In this respect, even less is known about the members of the highly oncogenic subgroup A. Differences in the apparent molecular weight of virus polypeptides obtained from different types have been reported (Maizel et aL, 1968; Russell & Skehel, 1973) . These differences have also been proposed to be used for subgroup classification and for identification of an adenovirus serotype (Wadell, 1979) . The virion proteins of adenovirus type 12 (Adl2) formed a distinct pattern when analysed under denaturating conditions by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Similar results were obtained when the virion proteins were identified by in vitro translation of virus mRNAs isolated from infected cells late after infection (Esche et al., 1979) . The polypeptides, however, were listed in the order of appearance on the gel and it has not been ascertained which bands correspond to different virus antigens such as penton base, fibre, Ilia, etc. (Wadell, 1979; Esche et al., 1979) .
In an attempt to identify the Adl2 polypeptides on the gel pattern, a comparative study was undertaken. In this study, we compared the individual susceptibilities of different structural components of purified Adl2 and Ad5 to trypsin digestion, as well as the phosphoprotein nature of these components. On the basis of the similarities we observed, bands appearing in the polypeptide pattern of the Adl2 virion on analysis by discontinuous SDS-PAGE have been identified as virus structural components. The structural polypeptides are referred to in accordance with the terminology proposed by Maizel et al. (1968) , Anderson et al. (1973) , Russell & Blair (1977) and Wadell (1979) . Adl2 (Huie strain) was grown in monolayer cultures of HEp-2 cells as described previously (Pusztai et al., 1977) . Ad5 was propagated in suspension cultures of KB cells and the viruses were purified by fluorocarbon (Arcton; Serva, Heidelberg, F.R.G.) extraction, followed by a velocity and two equilibrium centrifugations in caesium chloride as detailed previously (Tar6di et al., 1977) . To prepare [32p]orthophosphate-labelled virus, HEp-2 cell monolayers were infected with Ad5 or Ad12, and 26 h post-infection the medium was removed and replaced with medium containing 50 ~tCi/ml [32p]orthophosphate (Amersham International) and 10% of the normal amount of phosphate. The cell cultures were labelled for 10 h, and 2 vol. normal medium was then added and the mixture was further incubated. When an appropriate cytopathic effect had developed, the cells were harvested and the labelled virus was purified as usual. The protein concentration of purified virus material was determined by the technique of Lowry et al. (1951) and diluted to 2 mg/ml. For enzyme treatment of the virus, trypsin was obtained from Worthington. Digestion was carried out in phosphate-buffered saline at 37 °C for 60 rain, at specified concentrations of virus to enzyme. The reaction was terminated by addition of SDS and urea, and samples were used for 0022-1317/82/0000-5098 $02.00 © 1982 SGM
) and electropherogram (b, c) after SDS-PAGE separation of 32P-labelled and purified human adenovirus types 12 (a, b) and 5 (c, d). Letters H, F and Pb denote the major capsid components hexon, fibre and penton base respectively; the remainder of the structural polypeptides are referred to using the nomenclature of Maizel et al. (1968) and Anderson et al. (1973) .
SDS-PAGE analysis immediately. Slab gel electrophoresis was performed in a vertical electrophoresis cell, using a discontinuous buffer system as described by Russell & Blair (1977) , except that in some experiments the resolving gel contained glycerol at a final concentration of 9 %. When cells infected with human adenovirus are labelled with [32p]orthophosphate, a number of polypeptides of both host cell and virus origin appear to be phosphorylated (Russell & Skehel, 1973; Russell & Blair, 1977; Blair & Russell, 1978; Akusj~irvi et al., 1978) . Among the structural components, Ilia, V, VI, VII and X are phosphorylated, with IIIa being the major phosphoprotein (Blair & Russell, 1978; Tar6di et al., 1979) .
Ad5 and Adl2 labelled with a2p were purified and samples were analysed for polypeptide composition using SDS-PAGE. Fig. 1 shows the Coomassie Brilliant Blue-stained electropherogram and the corresponding autoradiogram. Eleven components of Ad5 can be seen and it is noticeable that, by the use of glycerol in the separating gel, fibre polypeptide can be clearly separated from Ilia. The protein pattern obtained with Adl2 indicated that this virus is also composed of 11 polypeptides. The adjoining autoradiograms indicate the presence of the labelled IIIa polypeptide in the protein pattern of Ad5, this being the major phosphoprotein, while three phosphoprotein bands are discernible in the protein pattern of Adl2.
We have previously described the analysis of the susceptibilities of the virion polypeptides to various proteolytic enzymes and the pattern of the resulting degradation products, which might represent a useful approach to the study of the structure and conformation of the adenovirus (Tar6di et al., 1977) . Purified adenoviruses can withstand treatment with low concentrations of trypsin without extensive degradation of the virions. This treatment, while not greatly affecting infectivity or interferon induction, does produce limited cleavage of some of the virion polypeptides, but this does not affect the conformation of the structural unit. Up to a virus :enzyme ratio (w/w) of 1 : 1, Ad5 and Ad 12 virions exhibited a similar resistance to digestion. When preparations of purified and 32p-labelled Ad5 and Ad 12 were digested, under appropriate conditions, with trypsin at different virus :enzyme ratios ranging from 250:1 to 1:1, the individual susceptibilities of the polypeptides could be observed on analysis of samples by SDS-PAGE. Moreover, counterparts of certain Ad5 virion polypeptides could be recognized among the polypeptides of the Adl2 virion with respect to their trypsin sensitivity and phosphoprotein nature, as is apparent in Fig. 2 . Both types have two polypeptides which are digested by even the lowest concentration of enzyme. These are the penton base and polypeptide IX of Ad5, and polypeptides of Adl2 with mol. wt. 57-5 x 103 (57.5K) and 15 x 103 (15K). On the basis of the similar susceptibilities, these two polypeptides were considered to be the penton base and polypeptide IX of Ad 12. Thus, the penton base of Ad 12 has a considerably lower mol. wt. than that of Ad5 (85K). Furthermore, if we accept the terminology proposed for Ad2, the low mol. wt. components of Adl2 appear in the order IX, VIII on the gel. It has already been noted that among the main capsid polypeptides fibre produces the faintest band on stained gels. On digestion with trypsin the fibre polypeptide decreased slightly in mobility, indicating cleavage of a small fragment. The remaining part of the fibre polypeptide is fairly resistant even to the higher concentrations of trypsin. The adjacent band corresponding to polypeptide IIIa is relatively abundant and its gradual degradation could be observed on treatment with increasing concentrations of enzyme. In the electropherogram of treated and control samples of Adl2, the second and the third ~bands exhibited similar features (mol. wt. 67.5K and 62K). Thus, they were considered to correspond to fibre and IIIa polypeptides respectively, of Adl2. This was confirmed by the autoradiogram. The relatively abundant polypeptide proved to be phosphorylated and the pattern of degradation on enzyme treatment was identical to that in the electropherogram.
Comparison of the internal virion proteins of the two types was complicated by the fact that in the case of Adl2 they appeared partly as double bands on the gel. Polypeptide V (core I) of Adl2 has a double band (mol. wt. 50K and 46K), of which the one with higher mol. wt. proved to be a major phosphoprotein, which contrasts with the findings for Ad5. The Short communications hexon-associated polypeptide (VI) also appeared as a double band [Va and VI in Wadell's (1979) nomenclature; their mol. wt. are 31.5K and 29.5K] . One of these polypeptides (Va) was phosphorylated, which was not found with AdS. The possibility, however, should also be mentioned that the Ad12 penton base may be very protease-sensitive and, therefore, the 57.5 K and 29.5K polypeptides may be degradation products. Moreover, as it has been shown that VI and V polypeptides can be phosphorylated in the case of AdS, it is possible that Va (31.5K) is equivalent to VI in Ad12. The assumption that the double band (designated V) and the heavy band at the lower mol. wt. range (designated VII) correspond to the core polypeptides was confirmed by the polypeptide patterns of empty particles of Adl2 where these bands were missing (B . Tar6di et al, unpublished results) . The absence of core proteins in empty particles of adenovirus types belonging to subgroup C has already been documented (Prage et al., 1972; Sundquist et al., 1973; Ishibashi & Maizel, 1974; Edvardsson et al., 1976) . A possible precursor origin of polypeptides with similar mol. wt. was claimed by Esche et al. (1979) . It has been shown in the case of Adl2 that virion polypeptides VI, and VII and VIII are derived from precursors of higher mol. wt.
This comparative study led to the conclusion that the structural polypeptide composition of type 12 human adenovirus is similar to that of adenoviruses belonging to subgroup C. There are, however, differences in the mol. wt. and perhaps in the compositions of the cores. The polypeptides of Adl2 in the order of appearance on SDS-PAGE are as follows: hexon (108K), fibre (67.5K), IIIa (62K), penton base (57.5K), V (double band, 50K and 46K), Va (31.5K), VI (29.5K), VII (19K), IX (15K) and VIII (13K). As well as the structural polypeptide IIIa, Ad12 has two other major phosphoproteins: one of the V polypeptides and Va. Elucidation of the role and meaning of these differences require further study. ( Received 10 February 1982) 
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